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PROBLEMS lilVOLYED IN THE CHOICE AITD-USE OE 
• MATERIALS III AIRPLAITS CONSTRUCTION* 
By Paul Brenner 

INTRODUCTION 



Careful, selection and proper shaping of materials in- 
spire low weight, good strength and safety in op'eration. 
This requires, a thorough knowledge and exhaustive' study 
of materials'. The present state of the prohlem of mate- 
rials in airplane, construction is studied "below on the 
basis of data giving the principal characteristics of dif- 
ferent materials and showing how- they affect the for^m of 
airplane parts. ' - 

.•The problem of materials and of their transformation 
into airplane parts shovrs interesting aspects in the light 
of progress in aircraft construction. The originally 
preVa.lent opinion that materials'of low specific gr^ivity 
are ..required to . "build a.irplanes with a sufficiently low 
structural weight led to the extensive use of wood and 
fabric* At tliat time meta,l was used as little as possible 
The increasing demand for economy and safety in operation 
brought the wea,k points of wood into full evidence, espe- 
cially its s:;iall resistance to weather influences and def- 
ormation. Hence, the" necessity of replacing wood by metal 
at least in certain cases, TJelded steel-tube fuselages 
compare favorably with wood construction as regards 
strength and weight. The development of steel-tube con- 
struction was, however, greatly impaired by a prejudice 
against the reliability of welded joints, especiall^^ in 
wing construction. Their use is now practically confined 
to fuselages. The introduction of duralumin is one of the 
most important steps in the development of netal airplane 
construction. TTith the specific gravity of aluminum^ it 



*-"3aust'of f r agen bei der Konstrukt i on, von Elugz'eugen . 
Zeitschrift fiir Elugtechnik und -M.-ot orluf t schif f ahrt , Nov. 
14, 1931, pp. 637-548. 
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had the strength of • the weldabl e steel tubes then in use. 
For the last 15 years full advantage has "been derived 
from the possibilities afforded by this material. The use 
of duralumin in airpl ahe construct i on • has thus taken an 
unusua.1 expansion. The new tendency to revert to steel 
construction is marked by the. use of high-grade alloyed 
steel of 140 to 160 kg/mm2 (199,130 to 227,575 Ib./sq.in.) 
.strength in thin strips' shaped by rolling and joined by 
rivets. For several years this method of construction has 
been developed in England on the basis of systematic in- 
vestigations in the field of materials, construction and 
design. In certain cases it offers great advantages over 
.woK)d an.d light-metal construction, especially when highly 
rustpro.of chromium steel is used. 

All three m.ethods of construction are now in use. 
Light-metal airplanes are employed . where great reliability 
in operation, resista.nce to weather and durability are re- 
quired. In order to keeip the price of sport airplanes, 
which are not yet built in quantity, within reasonable 
limits, they are preferably made entirely or chiefly of 
wood, England is practically the only country which has 
adop)ted all-ste*el- construction. 

It is difficult to' predict the future trend of air- 
plane construction, the problem of materials being affect- 
ed .by technical as well as by economical considerations. 
Much depends, on whether the strength, uniformity and re- 
sistivity to corrosion of present-day materials are fur- 
ther improved or new materials with better characteris- 
tics are developed. The decisive influence, which prog- 
ress in the fiQld of material research and manufacture 
may have on the practical development of airplane construc- 
tion, is clearly shown by the example of duralumin. 

WOOD . ' 
Strength Characteristics 

tyood is an excellent material for light parts subject 
to tension. Similar results can be obtained only with 
steel having a tensile strength of. at least 200 kg/mm^ 
(234,*470 lb./sq,in.). On the other hand, the compressive 
strength of wood is much sma^ller than that of other high- 
grade materials used in light airplane con.struct ion , being 
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only aooiit Half its tensile strengtli. Wood is preferalDle 
to :r:eta.l for parts working under "buckling stresses, so 
long a.s the external dimensions of the cross section re- 
main optional and the stresses are below the limit of 
elasticity, since the low specific gravity of woodpermits 
the use of large radii of inertia^ V/hen over-all d'iinen-- 
sions ha.ve to be reduced in- consideration of drag or lack 
of si:ace, as for struts exposed ^to the air flow, materials 
with a .'^:reater Young's modulus (steel) are preferable* 
The small compressive and •. shearing strength of wood in the 
direction of the grain i s jdetr iment al in beams working in 
flexure. Besides, the excellent elastic properties of 
wood permit the stressing of wooden parts nearly to the 
breaking point without excessive permanent deformation. 

The vibration strength of the woods used in airplane 
construction (pine, spruce, ash, walnut), as determined 
by fatigue bending tests, is rather small, being about 25 
to .30 per cent of the sta.tic tensile str'ength. All the 
woods hitherto tested show a pronounced fatigue limit 
which is reached after not more than two m:illion load al- 
ternations or revorsa.ls, and even sooner for softer spe- 
cies. (Reference 1.) 

The irregularity of wood^ due to structural differ- 
ences resulting from changing conditions of ;:rowth, is 
prejudicial to its use in airplane construction. The ten- 
sile and compressive strengths of 'pine and spruce obtained 
in D.7.L. tests during recent years are compared in Figure 
Im Although special woods are selected for airplane con- 
struction, their strength coefficients show considerable 
variation. The increase in the mean values with the spe- 
cific "u-avity is roughly linear. A certain degree of re- 
liability of the strength calculation of airplane parts 
may be attained with sufficiently small figures or by very 
carefu].ly testing the strength of the wood before using 
it. The. great irregularity in the strength factors can be 
partially eliminated by the* well-known method of dividing 
the cross section' into a largo number of separate layers 
(laminas) . This method, however , is applicable o.nly to 
thick parts, especially spar flanges. 

Tlie strength characteristics of several woods used in 
airplane construction are given in Table I, including 
tensile, compressive, bending and shearing strengths par- 
allel to and across the grain, as well as Young^s modultis, 
the snear modulus and the fatigue bending strength. 
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Plywood, ds now the apst important material for wood 
airplanes, . It remedies completely or partly one of the 
main defects of w.ood construction, viz., the stren^^?:th 
variation in different direct ions- with respect to the /-:rain 
The .tensile strength of plain wood is compared in ?i.';c-'ire. 2 
with that of plywood, the three laj^ers of which are ar- 
ranged in dif f er ent • or der and tested in various directions 
with respect to the grain. Plain wood has practically no 
strength across the grain (2 to 3 per cent, o-f the lonrjiit-i- 
dinal • str ength) , In three-ply wood the longitudinal and . 
transverse strength -can "be regulated at v/ill by varying 
the thicliness of the different layers (dash Sund dash-dot 
line). The diagonal strength, however, is always rela- 
tively small and therefore prejudicial to the tvsc of ' jly- 
wood for spar weos or wing and fuselage covering. If the 
three layers are not :;lued at right angles but at an;:los 
of 50^, the strength distribution is uniform in all direc- 
tions (dot line). Such plywood is not yet used in. air- 
plane construction. It would, in fact, be practically 
useless, since, on account of its dissymmetrical structure, 
it would warp considerably under changing conditions of 
hupiidity, - This difficulty cr.n, hovovor, be overcorae by 
using plywood with more than three layers. The results 
given in this report merely show that present-da^y wood 
construction can be further improved by developing the 
technical side of the material problem. The strength 
characteristics of birch and alder plywood, \ised in air- 
pla,ne construction, are given in Table II, . 



Joint s 



From the standpoint of strength and \7eight the method 
of assembling wooden parts by gluing, is the best. The 
shearing strength of cold casein glue is 60 to 80 kg/cm^ 
(853 to 1137 lb,/sq,in.). The full strength of wood. can 
therefore be preserved by gluing sufficiently .large sur- 
faces. Scarfing prevents wooden j oint s from incroasin*; 
the structural weight (fig.. 3,b) and obviates the danger 
of additional bending .moments capable of impairing the 
strength of the joint, A scarf ratio of l/l5 to 1/20 is 
used in airplane construct ion :. for pine. 

On the other hand, disconnectable joints are extreme- 
ly complex and compar at ively .heavy (fig. 3,c) owing to the 
difficulty of transmitting stresses from metal to wood. 
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Resistivity to Hoisturo 

Tlio strongtli char act erl st i c n of wood, especially the 
conipro s f:i vo stroiii^tli, oendin.e: strength and Young's modulus, 
depend largely on its moisture content. Pi^^^ure 4 shows 
tho oi*:roct of the' moisture content on the compressive 
strength and on Young's modulus of spruce, Both of these 
properties are inversely proportional to the moisture con- 
tent up to the point of saturation of the fioers (20 to 
50 per cent), ■be3"ond which they are not a.ff ect ed oy a fur- 
ther increase in the moisture content. (References 21 and 
22,) 

The volume of wood changes with tho moisture content, 
duo chiefly to variations at right angles to the grain, 
v/hich may cause undesiraole deformation of wooden parts in 
operation. The crossed layers of plywood prevent swelling 
or shrinkavge across the grain. Even plywood, especially 
tliin sheets, may "buchle or warp, owing to irregularities 
in the layers, inaccuracies of production, or local moist- 
uro 8,1) sorption, 

uood has a tendency to adapt its moisture content to 
its surroundings. Prec^iutions must t'lerefore he tahen to 
prevent variations in its moisture content, and especially 
increase of i.ioistiire in service, chiefly on account of the 
prejudicial increase in weight. Oil varnish is the prin- 
ci;Dal "Jioans of protection against humidity in airplane 
constru.ction. Its protective effect is improved hy a pre- 
liminary treatment of the wood with paraffin. (Reference 
2,) Under severe opera.ting conditions (sea service, long 
exposure to rain in flight or on the ground) even this 
does not afford absolute protection, out more satisfactory 
results may "be obtained "by saturating the wood with water- 
repelling liquids. In this connection good results were 
obta,ined by tests with synthetic resinous substances, 
M0'.:ev3r, no saturation method suitable for use in airplane 
construction ha.s yet been developed. 

The casein glues- now in use have only v. limited degree 
of moisture resistivity'-. The binding strength of glued 
samples drops, after 43 hours' immersion in water, to about 
50 per cent of its value in the dry state. (Soe "3auvor- 
schrifton fur Flugzcugo," 1928, ilo, 1152.) The moisture 
resistance of plywood is now being considerably increased 
by the use of adhesive films of artificial resin or cellu- 
lose acetate, instead of casein or albumin glues. Those 
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films r,re placed "betwoen the pl/wood layers and set the 
action of heat and pressure. Plywood £;lued by this method 
is reinarkatly moisture resistant, (References 3 and 4.) 

The characteristics of wood, especially regularlity 
and iioisture resistivity, can oe further improved. Jor 
the last two ecade?) s , however , wood research has lag^'^od far 
behind netal research. If such active research had boon 
carried on in connection with wood as with ixietals, the 
::ormGr wou.ld now probably have reached a much higher do^^roe 
of perfection than it has. 

At ".resent the advanta.gcs of wood over metal are chief- 
ly economic. 7ood is a cheap material, easily workable at 
small cost. It can, moreover, bo easily adapted to the re- 
quirements rcsultin..; from cha^ii^'es in design. 

li E T A L S 



l.Ietals o.re sui t able mater ial s for use in airpl.vne con- 
struction owing to groat ro;^'ularity and permanency of form. 
They afford reliable data for strength calcii'lation and per- 
mit increasing the accuracy of manufacturing mo thods , 
which is particiilarly important in the case of interchange- 
able parts. The metals under consideration (aluminum al- 
loys, magner.ium alloys, carbon steels and alloyed steels) 
are used in the rolled, stamped or forged state. Cast al- 
loys can be used in only a very few cases, their mechanical 
properties not being even approximately so good as those 
of rolled alloys. 

Hefinable aluminum alloys are of special interest, 
dr.ralumin being the best known representative of this group. 
All eff ol*ts toward developing other alloys with better 
characteristics than duralumin have hitherto failed. On 
the other hand, the properties of duralumin have been 
slightly improved during the last few years by a better 
comiDosition and improved production methods. The Z3 al- 
loy (reference 5) used, among others,' in the Zeppelin air- 
ship LZ 127, and the flying boat Do X, differs from stand- 
ard duralumin alloys by having a higher limit of elastic- 
ity, yield limit and strength, its capacity of deformation 
being, however, slightly smaller. The characteristics of 
lautal (reference 6), another refinable aluminum alloy , 
most closely" approach those of duralumin. 
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.. I.Ia^r^'iG siura alloys, the soocific v/oi^lit of which is on- 
ly tr/o-thirds that of duralumin, have liithorto "boon unod 
in the form of the soft elektron alloy AM 505 for Tjelded 
■fiiel tanlis and certain o th.er. . p ar t s of minor importance 
such as en{i?:inG, fusela<?:e and landin^-sear Siieet-netal cov- 
.erinc3;s, seats, insp e c t i on por t s , , etc* Atteinpts vzero re- 
cently aade to. use the stron-^er AZM elohtron alloy for 
stressed airplane parts. The. rivets are made of r/ia^'^i^nal ii3jn , 
an •aJurainum >lloy witli api^r orci.inat ely 5 per cent ina/;ne siura", 
elektron "bein:^ unfit for cold rivetin..?; on account of its 
h r.i 1 1 1 e n 0 s s . 

steels iised in airplane construction Lia,y "bo clas- 
sified as v70ldatlo and nonweldal)lG . OT;in(^ to its good 
T7elding characteristics, unalloyed stool with less than. 
0,3 per cent C is comvioniy uso.d. for stool-tube construe-' 
tion and for fittings. 'Jeldable steel of greater Strength, 
especir-lly chr OjVie-.aolybdenum steel, or stool vrith a higher 
pcrcontap;e of C, is oztonsively used for this purpose. 
Tel.docl f i ttings are now al so .made of ICrupp ^ s Y S A aus- 
t oni t e • s t e el . 

Unalloyed steels ^7ith approximately 0.6 per cent C 
and a small percentage of manganpso have a strength of 75 
to 85 kg/mm2 (106,675 to 120,900 Ib./so.in.) and can bo' 
cold-T7or"j:ed. It is novr used to some extent in Germany 
for riveted wing spars. Alloyed stools of much greater 
strength- (199,125 to ■ 2^37,570 Ib./sQ.in.) are used in :3ng- 
la,nd in • the form of standard chr om.Q-nickol stool or stain- 
less cl^irornium stool with moro than 12 per cent of chromi-im. 
Those steels can only.be machined in the soft state. Jte- 
fining .after shaping requires special installations. 
(Hef er ence 7 , ) 

Strength Characteristics 

The strength characteri sti cs of the different metals 
are compared by determining the limit to which they ^lay be 
stressed in use. T7hilo former methods of calculation cov- 
ered only the breaking strength, it. is. now generally rec- 
ognized that, in order to avoid. e:n:ceL;sive deformation, cer- 
tain stress limits, considerably below the breaking point, 
must not be exceeded. It was found impossible ?iot to ex- 
ceed the limit of elasticity of the metal, since the defi- 
nition and experimental determination of this limit in- 
volve considerable difficulties, the location of the lim- 
it of elasticity, when dofin'od by a per2:ianent set of 0,001 
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per cent of the meas.iir ed len^'th, "being affected. Id^ con- 
structione,! consider ations wliich are "beyond control.. Be- 
sides, metals with, a very Iqyt limit of elasticity, such 
as light met al s- whi ch have given ezceilent results in air- 
pi a.nei. construction, w-ould "be r;reatly handicapped oy this 
condition. The practice of considering^ the limit of elas- 
ticity as the permissible stress.-li ';-:it is losing ground, 
since it is impossible to prevent yi'bro/bion rupturen siri- 
ply tiy keeping within the limit of ela^sticity. rieither 
can the yield limit or the' 0.2 limit be considered as the 
permissible stress limit, since the corresponding per-aa- 
ncnt sot is already excessive. Hence, the maximum stresses 
in operation are often required- to be somevaiat belor- the 
yield limit. Thus, according to the latest airplane spec- 
ifications, a safety factor of 1.35 is required in order 
to 'orevent the 0.2 limit from being exceeded. The.sa.-ie 
safety factor is required for the fatigue limit under 
frequently alternating loads.* 

Increasing the elasticity, yield and breaking limits 
of metals "by cold-vrorking or heat-treating, which red-ice 
the ca.pacity for deformation, is limited in airplane con- 
struction by machining considerations.- A . certain miniyaum. 
elongation is also required as compensation for differ- 
ences in tension due t,o over st r e s s ing, 

' Tensile st re ssp s . - The tension elongat i on , curve s for 
different metals u^ed.in airplane construct i on ex e plotted 
in figure -5, a. The 'curves in ?i(:';ure 5,h, in which tha 
ratio of the tension to the specific gravity (a:7), is 
plotted against, the elongation, afford a "better moans of 
comparison. When referring to the hrealning stress (CJ-^) , 
this ratio is also called the "critical length." In both 
figures the top curve is for stainless chromium, steol with 
a strength of about 170 kg/mm^ •• (241 , 800 lb. /so. in. ) . This 
steel is of German make, annea,led at 1020 C, air-cooled 
and tempered at 400^0.** As mentioned above, the elonga- 
tion of this steel is smaller than that of other metals. 
It must therefore be worked in the annealed state. Elek- 
tron (7), at the bottom in Figure 5 , a, i s approximately 
equivalent to duralum-in Z3 (4) in jifiAire 5,b. According 
to :?igure 5,b, the weldable stools (S and 6) are the :.io.st 



*Specif ications for airplane- strength calculations (DLA) , 
draft of cover page ITo. 2. 
** Steel with similar charact'eri sti.c s was used in the ill- 
fated British airship E. 101. 
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unf avoraol.e -yet vrel din/r; ofiors the adr-aiitag'e of a .rrcat " 
savin/;:: in weight over other i?iothods of a n's drably (rivot-- 
inr, "bolting, etc.) • 

. C p.pT).r i V 0^^^^^ s so q . - ' Th e • ' c o mp r o r, s i v e 

strength of metals greatly excoods the practical rerr.iiro- 
ments. oi airplane construction. T/.e visually . si ondor , thin- 
walled structurcil meraoers collapse long bof..Qxo the fr.ll 
compressive strength of the material is reached. Since 
the mi-.-iirnum ouchling strength of a member is a function of 
its slenderness ratio, the budiling characteristics of the 
varioii's materials can be compared for different slender- 
ness ratios, Thi s- compear i son is made in rigp.ro 3, \7here 
the ratio of the buckling stress to. t:io specific gravity 
is plotted against the slenderness ra,tio l:i.- A common 
Eulor line, is found for the elastic region, all the tested 
materials having roughly the same ratio of lounges modu- 
lus to the specific, gravity. The curves for the- inelastic 
region are partly obtained by calculation on the basis of 
distortion measurements for tubular com-pression members, 
according to Zarman ' s method (reference 8) and partly by 
bucA:ling tests. The superiority of chrome steel at rimall 
slenderness ratios ca,n be fully utilized only v;hen a cer- 
tain ratio of vrall thickness to div'imoter is not exceeded, 
local buckling of the wall being otherwise incurred. The 
"buckling strength of tnin-walled hollow bodies can be in-- 
creased, however, by longitudinal corrugations, Thi-. • ' • 
feature, incorporated in the steel spar of an ?]nglish air- 
plane, ^is sjiown in Figure 7,f. Several typical, spar ty;:')es 
made of other materials are also shown for comparison, 
Tney illustrate the influence which the characteristics 
of materials, especially their specific gravity, have on 
the. wail thickness and cross section of spars. The in- 
tricate struct-.ire of the metal spars is particularly . con- . 
spicuous by comparison with the simplicity of the wood- 
en spar , 

yjr->-?.5lriio.nji_l_^^^ The behavior of the above ma- 

terials under txie action of vibrational stresses differs 
widely. In Figure 8 the s^tress and alternating-load 
curves of different linds of steel, duralumin , "eloktr on 
and, wood are. plotted in the customary logarithmic manner, • 
The curves are determined 'by- fatigue bonding tests with 
rot^„ting cylindrical test bars and alternations up to 100 
million. Below .the pronounced fatigue limit, strer5ses co.n 
bo withstood indefinitely by the tested stools (l to 4). 
Wood behaves similarly (3). On the other hand,, the test- 
ed light metals ('5, 6 and 7) have no actual fatigue limits 
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Tlioir vi*bration strength decreases steadily with increas- 
ing nuiTiber of load alternations^ 

The diagram in Figure 8,b is plotted with the r.r.tio 
of the fatigue strength to tiie specific gravity (a^/7) 
as ordinate, instead of the fatigue strength. In tl-iis 
case aJ.so the "best figure is ootained with chr oae-ni rikol- 
tungsten steel. In a comparison iiiade for 100 million -^.1- 
tornations, elektron (?) comes next and, far 'behind, wood 
(a) , hard carbon stool (2) , the two duralu?:ain alloys (5 
and 6) and lastly, the soft carbon steels (3 ^md 4). 

-• The vibration stresses, to which air23lane parts are 
subjected in operation, are usually not simple fatigue 
stresses but supplement a static initial stress. The in- 
fluence of the rstatic initial stress on the vibration 
strength is sho^n in Figure 9. The admissible dynamic 
stress decreases with increasing static initial stress and 
is zero for the sta,tic yield li,mit. The admissible sS:-ross 
range {-iven in the latest draft specifications is also 
plotted in the figure. It yields a sa.fety factor of 1.35 
against vibration rupture and exceeding the 0.2 limit > and 
a safety factor of 2 against a static tensile break. 

The vibrat i on- st r ength values for smooth cylindrical 
test rods cannot be readily "ased for the calculation of 
airplanie parts on account of the stress increments a-t bor- 
ings, abriipt changes of cross section, notches, bands, 
etc* which, in certain cases, may greatly affect the vi- 
bration strength of structurq,l .parts. (Reference IV.) 
Tiiese stress increments cannot be determined b3/ elastici- 
ty calculations since, owing to inherent plasticity, mate- 
rials can make up to a certain extent for strQSs differ- 
ences. Each, material has a different degree of sensitiv- 
ity to stress increment s, which can be determined experi- 
mentally by moans of notched or banded test rods. (Fiics. 
10, a and 10, b.) Test results obtained with siich rods are 
given in Table III. The vibration strength of the plain 
rod (without notch or band) is denoted by 0^, that of 
the notched rod by notch ^^^'^ that of the banded rod 

^w band- figures are given for C stool of approx- 

imately 54 kg/mm2 (76,800 lb,/sq.in,), Cr-lTi-W steel of 
1S2 kg/mm2 (230,400 Ib./sq.in.), aluminum and elektron. 

The ratios .f^F. ngtch^ and 5F_Mnd show that, :or 

a smooth undam^aged rod, the best values are obtained 

for Cr-Fi-W steel and elektron (8.85, 3.1, and -3.5). 
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Compared witii tlie ' corr e S'^-^Ondin^ values for notched and 
baiided rods,' the light raetals, e specially .elektron, siir- 
pass steel by their better notch resistance. This is im- 
portant for the design of parts subject to 'vibration 
stresses in oTJoration, on accoant of stress increments, 
especially in riveted joints. Accord! ng to former tests 
(reference l) , wood has a good notch resistance. On t:ie 
other hand, stress increments are usually 'be 1 1 er ^-voided 
^7ith wood than with metal, (Fig, 7.) 'Particular atten- 
tion is therefore called to wood as a inaterial' for parts- 
working under vibration stresses. 



Corrosion and Surface Protection 



Llctals are riore or* less subject to eitrnc spheric influ- 
ences and especially to the action of sea water vrhich im- 
pairs their strength charact eri sties, ' Figure 11 is the 
stress-strain diagram of an unprotected duralumin shoot 
subjected for 43 days to the action of a 3 per cent table- 
salt solution, the corrosive action of which corresponds 
roughly to that of sea v.^ater, The strength and elongation 
are _:reatly reduced, v.^hile the mechanical energy of the 
corroded sheet is pnly about one-fourth of its originc.1 
valcie. Corrosion may also have a considerable influence 
on the fatigue strength. (Reference 16,) The decrease 
in strength and ductility is caused by corro si on beginning 
at the sr.rface and working gradually deeper into the- met- 
al. Typical examples of the corrosion of light metals by 
the atmosphere and by sea water, are" shown in Figures 12 
to 14 Uiiicrosections) . In Figure 12 the corrosion is quite 
uniform. The decrease in strength is roughly proportional 
to that of the thickness under the corrosive action. The 
ductility is practically unaffected. Figure 13 shows deep 
pitting, resulting in loss of strength and ductility. In 
Figure 14 the corrosion follows along the grains, deep 
into the metal. The effect of this "intorcry st allino " 
corrosion on the strength characteristics is disastrous, 
(p.oforonce 10,) 

Accdrdin'g to the jjresent 'state of corrosion research, 
the corrosive action is chiefly ah electro-chemical proc- 
ess, !7ith moisture and oxygen present, local galvanic 
cells are, formed by irregularities in the che-mical compo- 
sition, grain, surface, etc^, the anodes of these cells 
going into solution. Local cells are also formed by di s- 
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similar external* conditions, e.g., irregwlaT -ve-zitilati on 
of different points of the raetal cvirface. Accordin.-: to 
corrosion tests (reference 9),. the corrosive auction is 
stronger at points of the nieta^l surface v;here the venti- 
lation i's deficient. This ex\ol"ains' why interna,l struc- 
tures of met al-cover ed seaplane s , inadequat cly protected 
against sea-water penetration, of ton corrode more than 
external surfaces directly in contact with sea water and 
air. Several points found "by experience to ho particu- 
larly sutject to corrosion are shown in figure 15, Soa 
water concentrates chi.efly in inacce ssible corners of in- 
ternal joints. The inside of the wing dries very slowly, 
owing to deficient ventilation and "because the evaporated 
water is reprecipit ated on the cooler metal surfaces. 
The evaporation and condensation of the water also ch;:.n.^es 
continually the salt concentration at the r^oints of corro- 
sion, which is therehy accelerated. 

In, this respect, f aoric-covered wings are "bettor, 
since, on the. one hand, the wat er- t ight ne s s of the cover- 
ing can he increased to a reasonahlo cxt dnt , while , on 
the oth@r hand, a good ventilation and drying of the in- 
side of the wing is enabled b^' its perviousness to air. 
Practical experience h^us shown that, oven under unfavora- 
"ble conditions, the corrosive miction is comparatively well 
withstood "by the internal structure of fabric-covered 
wings • 

The importance of corrosion in metal aircraft con- 
struction, at least as reg-irds seapla.nes, lies in the pre- 
vailing tise of thin-walled parts which, when subjected zo 
the same corrosive action, are destroyed faster than 
thick-walled parts. ^'or the same speed of corrosion, tiic 
decrease in thickness and henco the loss in strength are 
invers.ely proportional to the Vv-pJ.l thickness, J'iguro IS 
shows the loss in strength of duralumin sheets of differ- 
ent thickness under the same conditions of corrosion. 
The continvuO.us curve was determined experimentally and the 
dash-dot curve calculated oh the assum-ption of an identi- 
cal speed" of solution. Under the given conditions of cor- 
rosion the 4 mm (0,1.6 in,) sheet loses approximately 3 
per cent of its original strength, but the 0,5 mm (0,02 
in.) sheet over 70 per cent of its strength.- The theoret- 
ical curve shov/s a loss of only aboiit 25 per cent for the 
0,5 mm -sheet. The marked difference between the theoret- 
ical an6. the experimental curve is attributable to the 
difference .between 'the pro.dtiction methods of thin and ■ 
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tliicl" sheets. (Different conditions of rolling?; and heat- 
treating, straightening:; of thin sheets after refinin^^, 
e tc • ) ■ 

'For these reasons the pro"bler'i of corrosion and corro- 
sion prevention offers mich si-iaAler difficulties in other 
fields, such as shipbuilding or "bridge construction, \7here 
materials with .fT:reater wall thichness are used, 

Thich sheet shoruld "be used in airplane construction 
wherever po ssible , e specially for vital parts. Strong 
corrosion developed "between the thin flan^^'je sheets of the 
win:.; spar of figure 17, a - con si dera-hly reducing their 
strength. Corrosion resulted from infiltration of sea wa- 
ter "betwcGn the instif f iciently tight flange shoots, whore 
deficient ventilation increased its corrosive action. 
The latter would nave- "been lessened by using only a f ow 
thich plates instead of. the many thin plates. (?ig. l?,"b.) 
In this respect pressed or rolled section flr-nges or spars 
are prof or able . (?igs. 17, c and 17, d,) 

Anothior example of the influence of construction meth- 
ods on corrosion is given in Figure 17, e. Hollow section 
strips are often riveted on the outside of floats and 
hulls, to stiffen the covering. Inasmuch as rivet soams 
ca.nnot oo made absolutely water-tight, there is a pofuri- 
bility of sea v/ator penotra.ting into the r cc e s s be tween • 
the bottom sheet and the section strip where, 'owing to de- 
ficient ventilation, its action is highly destructive. 
The- effect of this ..lethod of construction on the bottom 
sheet of a duralumin flying boat is illustrated in ?igo.re 
18« A hollow section strip wp.s riveted to the bottom be- 
tween the two left rows of rivets, shown in the figure. 
Here marked corrosion enstied, while between the two right 
rows of rivets, where the bottom had been directly in con- 
tact .with the sea water, the corrosion is scarcely notice- 
able* The inside of the liollow section strip ^^^as also 
strongly corroded. Ways in which these difficulties can 
be overcome are shown in Figures 17, f to 17, h, 

Duraluiuin is the m.ost corrosion resistant of the 
strong- caliiminum alloys, provided it is very carefully heat- 
treated and worked. Corrosion resistance may be greatly 
affected, by sinall variations in the annealing temperrvture 
•by subsequent heating or by internal strer.ses. (Hcior- 
oncc lOv) 
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While it is comparatively easy to protect duralumin 
against weather influences "b^^ coating's, this means is, in 
the long run, inadequate against sea water. The life. of 
oil, "bituminous or cellulose dopes is very short under the 
severe conditions of operation a,t sea, Dama.ge due to cor- 
rosion is prevented "by frequent renewal of the dope and 
immediate repainting of defective spots. Material .diffi- 
culties are thereby encountered, owing to the difficulty 
of access to internal structures. Attempts are therefore 
made to'replace dopes "by other i.ieans of surface protection 
or at least • to ' improve their resistance, T'ne most impor- 
tant methods of surface protection arc briefly summarised 
below. More exhaustive accounts have been published else- 
where, (References 5 and 10.) 

By the anodic process (reference 13) of Bengough and 
Stuart, a thin uniform layer of aluminum hydroxide, which 
is an excellent base for greases or paints, is applied by 
electrolytic treatment of the duralumin part in a solution 
of chromic acid. The • advantage of -this process over the 
galvanic method lies in the insulating action of the oxido 
layer which, owing to deeper penetration, affords a ^'^'ood 
protection even to intricate parts, hollow sections, 
joints, etc. Oxidation is a means of increasing the corro 
sion resistance of duralumin parts without materially in- 
creasing their weight. On the other hand, anodic oxida- 
tion methods are rather troublesome and expensive, espe- 
cially when applied to large parts. THien the treatment 
is confined to individual parts, prior to assembly, vital 
points of the finished structure (e.g., rivet heads) re-, 
main 'unprotected. 

Plating of duralumin sheet v/ith pure aluminum or non- 
cuprous aluminum, alloys (more corrosion-resistant) is an- 
other very efficient surface protection. The plating is 
welded on the two faces of the sheet by hot rolling. Co- 
hesion of core and plating is further increased by h.eat- 
treating the rolled srioet since, during- "^he aniiOculing 
process, alloy particles of the core materi/.l arc partial- 
ly transplanted into the plating. The :./iicr o secti on of 
such a plated sheet 4 mm thick is shovrn in ji^rare 19 (mag- 
nified 150 times). ITote the gradiial transition from core 
to plating which insures perfect adhor-enco of the latter 
to the core, even under strong deformation. Duo to t:ie 
smaller strength of the plating, the yield point and ten- 
sile strength of plated sheets are slightly below those 
of ordinary duraliimin sheets. The bending characteristics 
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ductility, Young's modiilus and vibrrvtion resistance r?.,ro- 
practically unchanged, (Hofcrenco 12,) 

•■ In addition to tlie direct protection of the core ma- 
terial, the corrosion-resistant coatin.^ also- affords an 
electrolytic protection, since it is "belbw" th-e "core • mat e^ 
rir.l in t^ie electr ochemicc^.l series. Hence, 'points where 
the core is laid open, as along the sheet edr^^es, are not 
a:'.:, t ackvid "by sea water,. (Reference 11«) As shown "by Fig- 
ure 20, the protection also er tends to plated rivet 
heads, The left of the two samples shov/n in the figure 
is standard durr.lunin sheet, the right "duralplat" sheet, 
the rive t s ..being in both cases ordinary duralumin. In the 
corr.oslon test, tho rivet heads of the duralumin sample 
were seriously damaged, while those of the "duralplat" 
. sample wer.6 merely blackened, while remaining absolutely 
inta.ct. The corrosion of the coating is stronger in the 
neighborhood of ^unprotected point So This, however, is of 
minor importance, since the mechanical stresses c^re chief- 
ly tr ansLii t ted by tho stronger core material* 

In accelerated corrosion tests with very corrosive 
solutions (3.^:^ ITaCl 'I- 0.1 H^O^) ,. the surface was corroded 
even under the rivet heads. This, however, requires p.. 
poriod of time, during -which ordinary duralumin riveti:ng 
would he seri;ously damaged. Countersunk rivet heads ob- 
viate the danger of rivet loosening under the action of 
corrosion in the case of "duralplat" sheet, (Reference 
14.) 

All efforts must now tend to:/ard improving the corro- 
s.ion resistance of alum.inum alloys. According to inves- 
tigations male in recent ye.ars, the corr o si on r e si st ance 
of aluminum alloys is unfavorably affected by the addi- 
tion 01 copper. The aluminum-magne s.ium alloys of the non- 
cup-rous- aluminum group have an excellent corrosion resist- 
ance and good strength characteristics. The results of 
corrosion tests with mcagnalium alloy containing 7 per cent 
• of magnesium and 0.5 per cent of manganese, in addition to 
aluminum, are shov/n in ?i-gure 21.* The hard-rolled ma,gna- 
lium s'.ioet had a strength of about 42 kg/mm^ (59,750 lb,/ 
sq,in,).'at about 11 per cent elongation. The measured 
Young's, iviodulus of 700,000 kg/mm'S (995,545,000 lb,/sq.in.) 
is only slightly below that of duralum.in. Considering 
that iiiagnalium is approximately 5 to 8 per cent lighter 



*This a'lloy, known as "hydronalium, " is manufactured by 
the I, G, ?arbenindustr i e A.G-,, Bitterfeld, Germany, 
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than duralumin, means are thus afforded for' usilig softer 
sheets ^ith "better deformation characteristics. The fig- 
ure emphasizes* the much -hetter corrosion resistance of 
magnalium as compared with that of the tested duralumin* 
If ^^ood sheets can he made of this material and easily- 
drawn, edged, etc magnalium alloys may "be advant a^^eous- 
Iv used in seaplane float and hull construction, 

Elektron, in its present form, cannot be used in sea- 
plane construction on account of its small resistance to 
the action of sea water. It has, however, hitherto given 
good results in landplane construction. The resistance of 
elektron to the action of sea water can prohably ue fur- 
ther improved by plating or by suitable heat-treating. 

Carbon steels and low-percentage steel alloys corrode 
under atmospheric and sea water influences. They offer, 
however, some advantage over light metals, in tha.t the 
corrosion usually spreads uniformly over the whole surface, 
local pitting be-ing less frequent. Even steel may -lose 
much of its strength and ductility under the action of 
corrosion. In general, paint adheres better to steel tha-n 
to light metals and lasts longer. Steel parts ca,n also 
be protected by the more resistant baked enamels, the use 
of which is not recommended for duralumin on account of 
the high, temperature s required for baking. In England, 
complete steel wings are dipped, after assembly and care- 
ful cleaning of the surface*, in a bath of thin enamel var- 
nish and then placed in a hot chamber where the varnish 
is baked on at 120 to- 140^0. (Reference ?•) This method 
is very simple and economical. The uniformity of the var- 
nish coating is equaled neither by brush nor by spraying. 
Another advantage of steel is the possibility of easily 
applying galva^nic coatings. Cadmium is very successfully 
used for this purpose. Owing to their small penetra.ting 
power, galvanic methods can only be used for the treat- 
ment of parts with comparatively simple forms. 

iTo figures have been hitherto available on the weather 
and sea-water resistance of high-percentage chromium 
steels used to some extent in British aircraft construc- 
tion. The resistance of these steels, if used on land-- 
planes, would probably exceed the needs of present-day 
airplane construction. Experience will shov/ whether rust- 
proof 'steel may be used in seaplane construction entirely 
without paint or other surface protection. 
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Connections 

The fitness of materials for airjplane construction 
depends chiefly on the uieans used for assembling them. 
Riveting and ^-^elding are the chief means oy wiiich perma- 
nent connections are made in 'airpl-ane construction. Cell- 
ing methods- are successfully applied .only to soft steels 
with a small percentage of car^^on and possicly small addi- 
tions of chr ome-moly odonum or manganese.' * In that ce.no 9 
steel tuoes, sheets, etc. can, be butt-v/elded with a mini- 
mum increa,'se of striictural weight and without materially 
r educi?.!,::* the ' strength "of the welded point s " under static 
stresses. The resistance of welded joints to dynamic 
stresses is usually smaller. A microsection of an acoty- 
lene-o::ygen welded steel tub'e"'is shown in ITigure 22^ 
(Reference 23.) The welded seam is on the left, followed 
by a wide section with very coarse crysta;|.s, v/hile the 
return to the normal structiire , unaffected ty . the welding 
temperature, is at the extreme right. The fatigue strength 
•is unfavorably affected by these iharhed di f f er ence s . in the 
grain. The fatigue strength of welded stoel tubes i only 
50 to 60 per cent of that of seamless tubes... (Reference 
15,) This accounts for the frequent fatigue ruptures of 
welded engine bearers. The grain di f f eren ce s ' at the weld-^ 
ing point of small parts, fittings, etc,,, can be consid- 
erably reduced by adequate heat treatment. .This method 
cannot, however, be extended to large tinits such as fuse- 
lages, wings, etc, 

Dur al umi n an d other r c i i n ab 1 e alumi n^lm ' e.l 1 o y s cir o al- 
so weldable. Yet, the quality of the metal at the weld- 
ing point is affected by the her.t, the strength and. cor- 
rosion resistance of duralumin being thus reduced. 'Teld- 
ing of duralumin is therefore generally avoided in air- 
plane construction. Electric spot welding affords. a 
moans of obviating tlii s difficulty, the heat being there- 
by entirely concentrated at the welding point. An er.am- 
ple of this method (magnified 25 times) is sho^n in Figiire 
23. (Reference 18,) The two sheets of 1 mm thichnoss 
a,re overlapped and welded betv/een two. electrodes applied 
externally. The modification of the grain is entirely 
confined to the lenticular welding area. Besides, the 
grain on the sheet surface is absolu'toly unaffected. The 
conditions for the application of such welding metho.ds 
still require very carof.iil investigation. Besides, the. 
bo/iavior of spo t-wolded J'oint s under, dynamic stresses :ias 
not yet been 'eluc-idat ed • ' 
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Tnile the same material can oe used for rivets and 
sheets in duralumin connections, the rivets connecting 
high-grade steel must be made of softer material in con- 
si-deration of workings The advantc?«ge derived from the 
•-good strength character i sti cs of these steels for struc- 
tural parts is thus reduced. Owing to- the- great sensi- 
tivity of hard steels to notching (Tahle III), the stroGs 
increments at the. rivet holes may he detrimental under 
dynamic stresses, xTo sy st emat i c . inve st i gat i oi;l s of the fa- 
tigue strength of rivet joints have hitherto been made, 
hut an idea of the sensitivity of various materials to 
notching may be gained from earlier tost results, 

SULIIIAHY 



The good elastic and strength char'act eri st i cs of v^ood 
are outweighed by very small form resistance, considerable 
water cabsorption. and irregularity of structiire. Theso de- 
fects can be obviated by better soaking methods, especial- 
ly with synthetic resins, by the use of moisture-resist-- 
ant glues and by improving the quality of plywood. A step 
in this direction was made by the introduction of glue 
films in plywood manufacture. In addition to its low 
cost, plywood offers the advantage of being easily work- 
able and permitting simple structural forms on account of 
its small specific gravity and assembly by gluing, T7ood 
can also be easily adapted to the- changing requirements 
of progressive airplane construction. 

Duralumin has given excellent results in landplane 
constriiction. The difficulties arising from corrosion in 
airplanes used at sea can be succ e s sf tilly obviated by ivp- 
to-da.te methods of surface protection, especially by plat- 
ing, artificial oxidation emd structural improvements, 
lloncuprous aluminum alloys of thS magnalium group may be 
successfully used in future for floats and hulls. The 
disadvantage of the small vibration strength of aluminum 
alloys is practically negligible, considering the com.par- 
atively small sensitivity of these materials to local 
stress increments at points of a-brupt changes in cross 
section, notches, etc« 

The strength characteristics of magnesium alloys, 
compared with their specific gravity are as good and in 
some respects better than those of duralumin. The good 
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vibrat i oiic-^.l resistance of these allovs is particularly/ 
notoworthy. Accordin^'^ to test results, their sensitivity 
to 2iotching is slightly greater than that of duralumin. 
This is important for the co?.is truct ion of parts subjected 
to vibrational stresses in operation. The sr.iall sea-v/ate 
resistance of rnagne siiim alloys nov: available prohibits 
their use for seaplanes. 

Soft steels with a streni?:th up to 60 kg/min^ (85,350 
Ib./sq.in,) comioare favorably with other aircraft raateri- 
al s since, being weldable, their connections are li{:hter 
than riveted and bolted joints. The advantage of vrelding 
is less for parts working under dynamic stresses, the vi- 
bration strength of the material being greatly rod'iced by 
grain differences resulting from autogenous welding (fa- 
tigue r\iptures of welded engine bearers). The .•••rain dif- 
fere'nces of small parts (fittings, etc.) can be compen- 
sated by suitable heat treatment after welding. 

High-grade steel alloys with a. strength exceeding 12 
kg/mm^ (170,700 lb./sq,in.) have high elastic and yield 
limits and great vibrational strength. The great sensi- 
tivity of these steels to local strain increments under 
dynamic stresses is detrimental, b^lt can bo partly over- 
come by better design and production methods, Af present 
the use of rustproof chromium steel seems to be the best 
solution of the corrosion problem in seaplane construc- 
tion. 

To derive full advantage from materials used in air- 
pl^.no construction, their characturi sties must bo very 
thoroughly checked and carefully adapted to the require- 
ments of design and construction. 

Translation by W. L. Koporinde', 
iTational Advisory Committee 
for A e r o n a \i t i c s , 



TAPLE I. Mean Strength Coefficients of Woods Used in Airplane Construction 

(Moisture content 12 to 14v) 



Kind cf wood 


1 

Direction I 

V7ith 1 5 

respect j 

to gr?in 1 tensile 


static stren. 
cormressive 


>? ending 


; torsional 


1 

Y o-.mg ' s 
modulus 
kg/ cro^ 


Mod, of 
shear 
kg/cir/^ 


fatigue 
strengt" 
kg/cm^ 


Pine at 7 = 0.5 g/cm^ 


i 

lengthwi se | 1000 

crosswise '•■ ^ 50 

1 — . . 


~ 500 
~ 50 

- 350 
~ 40 


~ 700 
~ 600 


■ ~ 150 
~ 45 

- 150 




-IICOOC 

- 4500 

— 95000 


- 7500 
_ 


- 250 

— 210 


Spruce at 7 = 0.4 g/cm^ 



Ash at 7 = 0.65 g/cm^ 


lengthwise! — 800 
cro.?s\7ise j 

lengthwi se ! ^ 1300 
crossv/ise ' ^ 125 
-\ H 


~ 600 
~ 100 


-1250 
~ lEO 


~ 260 
- 165 


-150000 
~ 13000 


-13000 


~ 360 


TValnut at 7 = 0.6 g/cm^ ' 

- - i 


len^:thwise| — 1250 
crosswise j ^ 90 


~ 680 
~ 120 


~140C 
~ 150 


~ SCO 
~ 150 


n 

-140000 
~ 12000 


--15000 


~ 420 


F^lsa at 7 = 0.2 g/cK^ \ 

i 


T- i 

len^^thwisej — 200^ 
crossT-J^ise j 

1 ! 


LSO 
~ 18 

i 


— 2LjC 




- 35000 

— 


1 

: 

; 

. . 1 





ig/cn? X .036128= It./cu.in.) 



cr. X 



14,2235 = lo./-q.i.i.) 



*With alternate bending stresses (circular tending). 
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TAPLE II. i,!ean Strength Coefficients of Pl\n/vood Used in Airplane Construction 

(Moisture content 8 to 10^) 



Kind of T!70od 



Layers 



^irch 7 = 0,75 g/cm^ 



Alder 7 = 0.6 g/ 



cm^ 



1:1:1 



::1 



1:1:1 



rirection ; 
of fp.ce ' 
plies 


Tensile 
strength 
kg/cm^ 


i Young ^ s i 
1 rrodulus j 
; kg/cm^ 


Shearing 
strength* 
kg/ en? 


; I'odulus 
1 of shear* 
I kg/cm^ 


— 1 

lengthwise 

crossv/ise 

diagonal 




1000 
450 
500 


-i 1 

i - 120000 

i 60000 j 

1 - 25000 1 


^ 180 
~ 160 
- 500 


i ~ 10000 
i ~ 10000 
; ~ 40000 

\ ~ 10000 
i ~ 10000 
! ~ 40000 

i 


lengthwise 

crosswise 

diagonal 




800 
700 
320 


! - lOOOCO i 
; ^ 90000 ! 
~ 50000 1 


- 200 

- 200 
550 


lengthn^^ise 

crosswise 

diagonal 




750 
500 
300 


j - 90000 i 
1 50000 j 
i 25000 ; 


^ 170 

- 150 

- 240 


i _ 

i 

! 



(g/cTn3 X ,056128 = Ih./cu.in.) (kg/crr? x 14.2255 = Ic./sq.in.) 

*For determination of the shearing strength p.nd the modulus of shear, pl.wood plates aloiit 55 cm 
(15.78 in.) square were so mounted in hinged frames that, on the application of tensile forces 
at two diagonally opposite corners parallel to the edges of the frame, the miaxirn'om shearing 
stresses were produced. This arrangement is intended to represent the torsional stressing of 
the surface layer of airplaaie parts (wings, fuselage, etc.) 
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TABLE III. Effect of Stress Increments on the 

Pending-Vi'bration Strenc'th of Metp.ls 



Metal 



[ Tensile | i Alternating 1 j IJotch 

! strength! ^ i strength \ ^ j alternating 
• - ' ^ I 1 strength 



_1 
7 



w 
7 



^ : alternating | _ 

notch I cf^er^^-fv ! band 



7 



strength 
'^v! notch 



7 



j kg/mm^ 1 


kg/rim? 


1 


kg/i-.-^2 




kg/r.Tr.^ 




C-steel (St 48) \ 


53.9 


! 

j 6.8 


£7. 


i 3.5 

1 


IB 




2.3 


15 


1.9 


Cr-I\i-^-steel ' 


162 


! 20.8 


69 


1 8.85 

; 


52 


4.1 


30 


3. So 


Lural-cirin 681 S : 


40.8 


1 14.6 


14 


1 5.0 


ir^.5 


4.8 


11.5 


4.1 


Slektron AZUi 1 


31.3 


i 

; 17.4 

: 


11 


i 6.1 


10 


5 .55 










j 

J 


15.3* 


■ 8.5* 
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^According to D*V, 

'.reference 20) 
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(According to Ludv/ik, 
rei'erence 19) 
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Figs. 1,3, 7, 15. 17, 
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Fig.l Tensile and compressive strength 

of pine and spruce plotted 
against their specific gravities (DVL 
tests) . 
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yig.3 Joints of wooden parts: 
a) overlapped, 
"b) scarfed, 
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(spar joint). 
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Fig. 7 Influence ol material on form 
of wing spar; a) wood: simple 
box spar: pressure flange stronger 
than tension flange, both laminated; 
plywood webs for shearing stresses; 
glued Joints* b to d) light metal 
spars, usually of sheet-wall type, 
latticework rare; thick tubular or 
channel flanges. Webs of thin corru- 
-gated sheet or thick sheet with 
lightening holes; riveted Joints, 
e and f ) steel spars of very thin 
sheet; lattice type or the now more 
popular sheet-wall type with longi- 
tudinal corrugations. Riveted Joints. 
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Fig. 15 Points on seaplane parts from 

which corrosion usually spreads; 
(Increeised corrosion at points marked by 
arrows), a) Junction of round tube with 
sheet-metal covering, b) trailing edge 
of wing and tail surfaces where the 
upper and lower coverings meet, 
c) Junction point of sheets and angle 
strip, d) corrugated sheet riveted to a 
round tube or to a section strip, 
e) smooth sheet buckled by riveting to 
a round tube or section strip. 
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Fig. 17 ExaiDples illustrating the 
effect of design on corrosion. 
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Fig. 4 Compressive strength and Young's m.odulus plotted 

ae;ainst moisture content of sr^ruce. 
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Fig. 5 Tension-elongation curves of airplane materials: 

1, Rust proof Cr-steol; 2, 0.6 C-steel; 
3,, 0.35 C, 0.53 Mn and 0.43 Si- steel (7/elda"ble) ; 
4, Duralumin 681 ZB; 5, Duralumin SSI B; 6, 0.11 C, 0.48 
Mn-steel (v/eldatle) ; 7, Elektron AZIvI. 
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Pigs. 6, 8. 




A, Rust proof 
chromo steel 
riveted tiil:e 
(2 rov/s of 
rivets) . 

B , Duralwiin 
681aHl 

C, 0.35 0,0.53 
Mn-stecl. 

D, C.ll C; 0.48 
I 1^ j Mn- steel, 

0 IOC 120 140 150 
Slenderriess ratio Z/i 

Fig. 6 Conioarison of airol^Mie materials under "bucklin^^ stresses. 
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Fig. 8 Alternation strength of aircraft materials plotted 
against the n^omoor of load reversals, 
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Figs;9,10* 




Fig. 9 Vibra tion strength iindor initial static stress 
within safe limits. 
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Fig. 10 Hotched and "baadod test rods for determining 

influence of stress increments on fatigue atreng'tii. 
a) , ITotched according to Ludwiic. b) , Banded according 
to DVL. 
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Figs. 11, 16, 21. 
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Fig. 15 Influence of 

sheet thickness 
on loss of strength 
due to corrosion 
(v/ith respect to the 
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section) • 
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Fig. 21 Strength and 

elongation of 
"naj:;7naliuin" , harder than 
duralumin 681A, plotted 
against the time of 
corrosion. Corrosive 
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salt solution (DWj 
stirring method) , 
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Fig8.12. 13, 14,18,19 ,20,22,23. 



rig. 14 Intercrystalline corrosion 

(following the grain contours) 
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rig. 22 Acetylene-oxygen weld of a steel tute* (Note 
marked grain differences). 



